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1
ELECTRICAL CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority under 35

U.S.C. §119(a) on Patent Application No. 201320750668.9
filed 1n P.R. China on Nov. 26, 2013, the entire contents of
which are hereby incorporated by reference.

Some references, if any, which may include patents, patent
applications and various publications, may be cited and dis-
cussed 1n the description of this invention. The citation and/or
discussion of such references, 1f any, 1s provided merely to
clarify the description of the present invention and 1s not an
admission that any such reference 1s “prior art” to the mven-
tion described herein. All references listed, cited and/or dis-
cussed 1n this specification are incorporated herein by refer-
ence 1n their entireties and to the same extent as if each
reference was individually incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to an electrical
connector, and more particularly to an electrical connector for
clectrically connecting a chip module to a circuit board.

BACKGROUND OF THE INVENTION

A conventional electrical connector 1s used for connecting
a chip module to a circuit board. The electrical connector
includes an msulating body. Multiple accommodating holes
are arranged 1n the insulating body. Each accommodating
hole 1s mternally provided with a terminal. The terminal 1s
stamped, folded and molded using a metal material. One end
of the terminal 1s mated with the chip module, and the other
end thereof 1s mated with the circuit board. Because of limi-
tation of conditions such as stamping and folding, the termi-
nal cannot be made very small, so that the volume of the
clectrical connector 1s large, which 1s not applicable to the
development trend of mimaturization and compactness.

In another technology, metal particles, which are mainly
gold or silver or gold-silver alloy particles, are filled 1n the
accommodating hole, so the accommodating hole may be
small, and therefore the density of the electrical connector 1s
large, and the volume 1s also small. However, the metal par-
ticles are 1 contact with each other 1n a point-to-point man-
ner, and the contact area 1s small, so that the whole impedance
of the metal particles in the accommodating hole 1s large,
which affects normal current transmission.

Therefore, a heretofore unaddressed need exists 1n the art
to address the aforementioned deficiencies and mnadequacies.

SUMMARY OF THE INVENTION

In one aspect, the present invention 1s directed to an elec-
trical connector whose impedance 1s small, and which
improve stability of electrical connection and signal trans-
mission between a chip module and the electrical connector.

In one embodiment, an electrical connector 1s used for
clectrically connecting a chip module to a circuit board. The
clectrical connector includes an insulating body, multiple
conducting bodies, and multiple pieces of low melting point
metal. The insulating body has multiple accommodating,
spaces, and each of the accommodating spaces runs through
upper and lower surfaces of the insulating body. Each of the
multiple conducting bodies 1s correspondingly accommo-
dated 1n one of the accommodating spaces. Two ends of the
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2

conducting body are exposed on the upper and lower surtaces
of the imsulating body. The low melting point metal 1s gallium
or gallium alloy. Each piece of the low melting point metal 1s
correspondingly arranged at at least one end of one of the
conducting bodies. The low melting point metal protrudes
from the msulating body, and 1s electrically connected to the
chip module.

In one embodiment, fillers are disposed in the low melting,
point metal.

In one embodiment, an outer surface of the filler 1s dis-
posed with a material compatible with the low melting point
metal.

In one embodiment, the material 1s indium or tin or zinc.
In one embodiment, the filler 1s an elastomer.

In one embodiment, the elastomer 1s an elastic sheet or
sponge or elastic silica gel.

In one embodiment, the filler 1s a particle-shaped object.

In one embodiment, the particle-shaped object 1s a metal

particle or a non-metal particle.
In one embodiment, the particle-shaped object 1s magnetic.
In one embodiment, the conducting body 1s a copper sheet.
In one embodiment, a surface of the conducting body 1s
covered with a protecting layer.

In one embodiment, the protecting layer 1s made of nickel.

In one embodiment, the conducting body 1s covered with a
fusing layer.

In one embodiment, the fusing layer 1s made of indium or
tin or Zinc.

In one embodiment, the conducting body 1s electrically
connected to the fusing layer through the protecting layer.

In one embodiment, at least one positioning hole 1s corre-
spondingly arranged on the insulating body and the circuit
board. A positioning column 1s disposed 1n the positioning
hole. When the isulating body i1s installed at the circuit
board, the positioning column guides the isulating body to
be correctly positioned at the circuit board.

In one embodiment, the lower surface of the insulating
body 1s disposed with a support portion.

In one embodiment, the upper surface of the insulating
body 1s disposed with two protruding portions, and the pro-
truding portions are respectively a limiting block and a sup-
port block.

In one embodiment, the height of the support block 1s less
than the height of the top of the low melting point metal.

In one embodiment, an 1solation portion i1s arranged
between the msulating body and the chip module.

In one embodiment, the isolation portion 1s arranged
between two neighboring pieces of the low melting point
metal.

In one embodiment, the 1solation portion 1s made of a
hydrophobic material or an elastic high-molecular material or
an msulating film.

In one embodiment, a part of the conducting body pro-
trudes from the msulating body, and the insulating body 1s
coated with green paint.

In one embodiment, the conducting body 1s electrically
connected to the circuit board through welding.

In one embodiment, the two ends of the conducting body
are both provided with the low melting point metal (liquid
metal at room temperature).

In one embodiment, the conducting body 1s electrically
connected to the circuit board through the low melting point
metal (liquid metal at room temperature).

As compared with the related art, certain embodiments of
the present invention have the following beneficial advan-
tages.
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The low melting point metal 1s arranged on the conducting,
body, and the conducting body is electrically connected to the
chip module. The impedance of the low melting point metal 1s
small, so the impedance of the electrical connector 1s small, so
as to ensure normal current transmission, and provide a clear °
and stable communication effect. Also, an 1solation portion 1s
arranged between the mnsulating body and the chip module,
and may stop two neighboring pieces of low melting point
metal, and reduce occurrence of the short-circuited phenom-
enon.

These and other aspects of the present mmvention will
become apparent from the following description of the pre-
terred embodiment taken 1n conjunction with the following
drawings, although vanations and modifications therein may
be effected without departing from the spirit and scope of the
novel concepts of the disclosure.

10

15

BRIEF DESCRIPTION OF THE DRAWINGS

20
The accompanying drawings illustrate one or more

embodiments of the invention and together with the written
description, serve to explain the principles of the mvention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements 25
of an embodiment.

FIG. 1 1s a schematic sectional view where an electrical
connector contacts a chip module and a circuit board accord-
ing to one embodiment of the present invention.

FIG. 2 is a schematic sectional view of the electrical con- Y
nector according to the present invention.

FIG. 3 1s a schematic sectional view and a local enlarged
view where a particle-shaped object 1s arranged 1n low melt-
ing point metal of the electrical connector according to one
embodiment of the present invention.

FIG. 4 1s a schematic sectional view where the electrical
connector contacts the chip module and the circuit board 1n
FIG. 3.

FIG. 5 1s a schematic sectional view and a local enlarged
view where sponge 1s arranged 1n the low melting point metal
of the electrical connector according to one embodiment of
the present invention.

FIG. 6 1s a schematic sectional view where the electrical
connector contacts the chip module and the circuit board in 45
FIG. 5.

FIG. 7 1s a schematic sectional view and a local enlarged
view where an elastic sheet 1s arranged 1n the low melting
point metal of the electrical connector according to one
embodiment of the present invention. S0

FIG. 8 1s a schematic sectional view where the electrical
connector contacts the chip module and the circuit board 1n
FIG. 7.

FIG. 9 1s a schematic sectional view and a local enlarged
view of another implementation manner of a conducting body
in the electrical connector according to one embodiment of
the present invention.

FIG. 10 1s a schematic sectional view and a local enlarged
view where the electrical connector 1s provided with the low
melting point metal 1n FIG. 9.

FIG. 11 1s a schematic sectional view of assembly of the
clectrical connector according to one embodiment of the
present invention.

FIG. 12 1s a schematic sectional view where the electrical g5

connector 1s wholly assembled with the chip module and the
circuit board 1n FIG. 11.
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FIG. 13 1s a schematic sectional view of another imple-
mentation manner of the electrical connector according to
one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s more particularly described 1n the
following examples that are intended as 1llustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled in the art. Various embodiments of the
invention are now described 1n detail. Referring to the draw-
ings, like numbers 1ndicate like components throughout the
views. As used 1n the description herein and throughout the
claims that follow, the meaning of “a”, “an”, and “‘the
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise. Moreover, titles or subtitles may be used in the
specification for the convenience of a reader, which shall have
no influence on the scope of the present invention.

As shown 1 FIG. 1, an electrical connector according to
one embodiment of the present ivention 1s used for electri-
cally connecting a chip module 30 with a circuit board 20. The
bottom of the chip module 30 1s provided with multiple sec-
ond contact pads 31. The second contact pad 31 may be a tin
ball 32. A surface of the circuit board 20 1s provided with
multiple first contact pads 21. The chip module 30 1s electri-
cally connected to the electrical connector by press fitting.

As shown in FIG. 1 and FIG. 2, the electrical connector has
an insulating body 10, multiple conducting bodies 12, and
multiple pieces of low melting point metal 40. The insulating
body 10 has multiple accommodating spaces 11. Each of the
accommodating spaces 11 runs through upper and lower sur-
faces of the isulating body 10. The upper surface of the
insulating body 10 1s coated with a layer of green paint 17.
Each of the multiple conducting bodies 12 is correspondingly
accommodated 1n each of the accommodating spaces 11. Two
ends of the conducting body 12 are exposed and attached to
the upper and lower surfaces of the insulating body 10. Each
of the multiple pieces of low melting point metal 40 1s respec-
tively disposed at at least one end of the conducting body 12.
Preferably, the low melting point metal 40 1s disposed at an
upper end of the conducting body 12, and electrically con-
nected to the tin ball 32. The low melting point metal 40
contacts the tin ball 32, so as to increase the number of
transmission paths during signal transmission.

The low melting point metal 40 1s selected from any one of
gallium metal, indium gallium alloy, indium tin alloy, gallium
tin alloy and indium gallium tin alloy. The melting point of
gallium 1s about 29.76° C., so gallium metal may be directly
used as the low melting point metal 40. The melting point of
indium 1s about 156.61° C., and the melting point of tin 1s
about 231.93° C., but the melting point of binary or ternary
alloy of indium, gallium, and tin may be greatly reduced. The
melting points of the foregoing alloys differ according to
different proportions. For example, when the proportion of
indium-gallium 1s 24.5:75.5, the melting point of binary alloy
of indium and gallium 1s 15.7° C. When the proportion of
indium-gallium-tin 1s 20.5:66.5:13.0, the melting point of
ternary alloy of indium gallium and tin 1s 10.7° C. Therefore,
the low melting point metal 40 may further be any one of
indium-gallium, indium-tin, gallium-tin, and ndium-gal-
lium-tin. A user may prepare alloy by use of galllum metal, or
according to a proportion of indium metal, gallium metal, and
tin metal, so that at a room temperature, the gallium metal, the
indium gallium alloy, the mdium tin alloy, the galllum tin

22
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alloy and the indium gallium tin alloy are 1n a liguid form.
Therefore, the contact area between the metal 1s large, the
impedance 1s small, and during current transmission, no
energy 1s consumed due to the low impedance, thereby ensur-
ing the stability of the current transmission, and good effectof 5
clectrical connection.

As shown 1n FI1G. 3 to FIG. 8, fillers may be disposed in the
low melting point metal 40. The outer surface of the filler 1s
provided with a material (not shown 1n the drawing) compat-
ible with the low melting point metal 40, and the material may 10
be indium or tin or zinc. The filler may be a particle-shaped
object 41 or an elastomer. The particle-shaped object 41 may
be a metal particle, such as, a copper ball or a silver ball, or
may also be a non-metal particle, such as a plastic ball or a
silica gel ball, and the particle-shaped object 41 may further 15
be magnetic. The elastomer may be sponge 42 or an elastic
sheet 43.

As shown 1n FIG. 3 and FIG. 4, by arranging the particle-
shaped object 41 1n the low melting point metal 40, 1n this
embodiment, the particle-shaped object 41 1s a copper ball or 20
silver ball, and by increasing the number of the particle-
shaped objects 41, the following advantages are provided:
(1), the fluidity of the low melting point metal 40 may be
reduced, and the short-circuited phenomenon may be pre-
vented from occurring; (2), the height of the low melting point 25
metal 40 may be increased, and moreover, the risk of power
failure because of non-contact of an externally connected
clectronic element (such as a CPU or chip) or vibration
impact may further be reduced; (3), the quantity of the low
melting point metal 40 used may be reduced, and the manu- 30
facturing cost may be reduced; (4), if the number of silica gel
balls or other elastic particles 1s increased, the contact portion
may be elastic, and moreover, the risk of power failure
because of non-contact of an externally connected electronic
clement (such as a CPU or chip) or vibration impact may 35
turther be reduced.

As shown in FIG. 5§ and FIG. 6, by arranging the sponge 42
in the low melting point metal 40, the following advantages
are provided: (1), the sponge 42 has an adsorbing function, so
physical phenomena such as outward expansion and flowing 40
of the low melting point metal 40 may be reduced, and the
short-circuited phenomenon may be prevented from occur-
ring; (2), the height of the low melting point metal 40 may be
increased, and moreover, the risk of power failure because of
non-contact of an externally connected electronic element 45
(such as a CPU or chip) or vibration impact may further be
reduced; (3), the quantity of the low melting point metal 40
used may be reduced, and the manufacturing cost may be
reduced; (4), the sponge 42 1s elastic, so the contact portion
may be elastic, and moreover, the risk of power failure 50
because of non-contact of an externally connected electronic
clement (such as a CPU or chip) or vibration impact may
turther be reduced.

As shown 1n FIG. 7 and FIG. 8, by arranging the elastic
sheet 43 1n the low melting point metal 40, the following 55
advantages are provided: (1), the fluidity of the low melting
point metal 40 may be reduced, and the short-circuited phe-
nomenon may be prevented from occurring; (2), the height of
the low melting point metal 40 may be increased, and more-
over, the risk of power failure because of non-contact of an 60
externally connected electronic element (such as a CPU or
chip) or vibration impact may further be reduced; (3), 11 the
number of the elastomers 1s increased, the contact portion
may be elastic, and moreover, the risk of power failure
because of non-contact of an externally connected electronic 65
clement (such as a CPU or chip) or vibration impact may
turther be reduced.
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As shown 1n FIG. 9 and FIG. 10, a surface of the conduct-
ing body 12 1s covered with a protecting layer 121. In this
embodiment, preferably the protecting layer 1s made of
nickel. A part of the protecting layer 121 protruding from the
upper and lower surfaces of the insulating body 10 1s provided
with a fusion layer 122. The fusion layer 122 may be made of
indium or tin or zinc. In this embodiment, the fusion layer 122
1s preferably made of tin. The tin may form alloy with the low
melting point metal 40, and moreover, the fluidity of the low
melting point metal 40 may be reduced by increasing the
content of the tin, so the short-circuited phenomenon may
further be prevented from occurring.

As shown 1n FIG. 11 and FIG. 12, the lower surface of the
insulating body 10 1s disposed with a support portion 15, the
upper surface of the msulating body 10 1s disposed with two
protruding portions 16. The two protruding portions 16 are
respectively a support block 161 and a limiting portion 162.
The height of the limiting block 162 1s greater than the height
of the support block 161. The support block 161 1s used for
supporting the chip module 30, the limiting portion 162 1s
used for guiding the chip module 30 to press against the
insulating body 10, and ensuring electrical connection
between the tin ball 32 and the low melting point metal 40,
and the height of the support block 161 1s less than the height
of the top of the low melting point metal 40. An 1solation
portion 50 1s arranged between the msulating body 10 and the
chip module 30. The 1solation portion 50 1s disposed on the
green paint 17, and the 1solation portion 50 1s made of a
hydrophobic material or an elastic high-molecular material or
an 1nsulating film. The 1solation portion 50 may stop two
neighboring pieces of the low melting point metal, so as to
reduce occurrence of the short-circuited phenomenon.

The electrical connector further includes a positioning
apparatus. At least one positioning hole 13 is correspondingly
arranged on the msulating body 10 and the circuit board 20. A
positioning column 14 1s disposed 1n the positioning hole 13.
When the msulating body 10 is 1nstalled at the circuit board
20, the positioning column 14 guides the insulating body 10
to be correctly positioned at the circuit board 20. A back board
60 1s arranged below the circuit board 20. A pressing plate 70
1s arranged above the chip module 30. The pressing plate 70
1s fixed on the back board 60 through a fastening apparatus 80,
and the fastening apparatus 80 and the pressing plate 70
provide the strength for pressing the chip module 30 down-
ward.

As shown 1n FIG. 13, the structure of another implemen-
tation manner of the present invention 1s approximately the
same as the structure of the first embodiment, and the differ-
ence lies 1n that, two ends of the conducting body 12 are both
provided with the low melting point metal 40. The chip mod-
ule 30 1s electrically connected to the insulating body 10
through the low melting point metal 40 at the upper end of the
conducting body 12, and the circuit board 20 1s electrically
connected to the insulating body 10 through the low melting
point metal 40 at the lower end of the conducting body 12.

In summary, the electrical connector according to certain
embodiment of the present invention, among other things, has
the following beneficial advantages.

(1) Electrical transmission 1s performed through the low
melting point metal 40, so that the contact area of the con-
ducting body 1n the accommodating space 11 is large, the
impedance 1s small, and during current transmission, no
energy 1s consumed due to the impedance, thereby ensuring
stability of the current transmission, and good electrical con-
nection elfect.

(2) The 1solation portion 50 1s arranged between the 1nsu-
lating body 10 and the chip module 30, and may stop two
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neighboring pieces of the low melting point metal 40, so as to
reduce occurrence of the short-circuited phenomenon.
(3) By arranging a filler 1n the low melting point metal 40,
the fluidity of the low melting point metal 40 may be reduced,
and the short-circuited phenomenon may be prevented from
occurring. The height of the low melting point metal may
turther be increased, and the risk of power failure because of
non-contact of an externally connected electronic element
(such as a CPU or chip) or vibration impact may further be
reduced;
(4) A filler 1s arranged 1n the low melting point metal 40,
and the quantity of the low melting point metal 40 used may
be reduced, so as to reduce the manufacturing cost.
(5) Some elastic fillers are arranged in the low melting
point metal 40, so the contact portion may be elastic, and the
risk of power failure because of non-contact of an externally
connected electronic element (such as a CPU or chip) or
vibration impact may further be reduced.
The foregoing description of the exemplary embodiments
of the mvention has been presented only for the purposes of
illustration and description and 1s not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching.
The embodiments are chosen and described 1n order to
explain the principles of the mmvention and their practical
application so as to activate others skilled 1n the art to utilize
the mvention and various embodiments and with various
modifications as are suited to the particular use contemplated.
Alternative embodiments will become apparent to those
skilled 1n the art to which the present invention pertains with-
out departing from 1ts spirit and scope. Accordingly, the scope
of the present invention 1s defined by the appended claims
rather than the foregoing description and the exemplary
embodiments described therein.
What 1s claimed 1s:
1. An electrical connector for electrically connecting a chip
module to a circuit board, comprising:
an 1nsulating body having multiple accommodating
spaces, wherein each of the accommodating spaces runs
through upper and lower surfaces of the mnsulating body;

multiple conducting bodies, respectively recerved 1n the
accommodating spaces, wherein two ends of each con-
ducting body are exposed on the upper and lower sur-
faces of the insulating body; and

multiple pieces of low melting point metal, wherein the low

melting point metal 1s gallium or gallium alloy, and each

piece of the low melting point metal 1s correspondingly
arranged at at least one end of one of the conducting
bodies,
wherein the low melting point metal protrudes from the
insulating body, and 1s electrically connected to the chip
module.
2. The electrical connector according to claim 1, further
comprising fillers disposed in the low melting point metal.
3. The electrical connector according to claim 2, wherein
an outer surface of the filler 1s provided with a material
compatible with the low melting point metal.
4. The electrical connector according to claim 3, wherein
the material 1s indium, tin, or zinc.
5. The electrical connector according to claim 2, wherein
the filler 1s an elastomer.
6. The electrical connector according to claim 3, wherein
the elastomer 1s an elastic sheet, a sponge, or an elastic silica
gel.
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7. The electrical connector according to claim 2, wherein
the filler 1s a particle-shaped object.

8. The electrical connector according to claim 7, wherein
the particle-shaped object 1s a metal particle or a non-metal
particle.

9. The electrical connector according to claim 7, wherein
the particle-shaped object 1s magnetic.

10. The electrical connector according to claim 1, wherein
the conducting body 1s a copper sheet.

11. The electrical connector according to claim 1, further
comprising a protecting layer covered on a surface of the
conducting body.

12. The electrical connector according to claim 11,
wherein the protecting layer 1s made of nickel.

13. The electrical connector according to claim 1, further
comprising a fusing layer covered on the conducting body.

14. The electrical connector according to claim 13,
wherein the fusing layer 1s made of indium, tin, or zinc.

15. The electrical connector according to claim 1, further
comprising a protecting layer covered on a surface of the
conducting body, and a fusing layer disposed on the protect-
ing layer, wherein the conducting body 1s electrically con-
nected to the fusing layer through the protecting layer.

16. The electrical connector according to claim 1, further
comprising at least one positioning hole correspondingly dis-
posed on the insulating body and the circuit board, and a
positioning column disposed 1n the positioning hole, wherein
when the 1nsulating body 1s 1nstalled at the circuit board, the
positioning column guides the insulating body to be correctly
positioned at the circuit board.

17. The electrical connector according to claim 1, further
comprising a support portion disposed at the lower surface of
the mnsulating body.

18. The electrical connector according to claim 1, further
comprising two protruding portions disposed on the upper
surface of the insulating body, wherein the protruding por-
tions are respectively a limiting block and a support block.

19. The electrical connector according to claim 18,
wherein the height of the support block is less than the height
of the top of the low melting point metal.

20. The electrical connector according to claim 1, further
comprising an 1solation portion disposed between the 1nsu-
lating body and the chip module.

21. The electrical connector according to claim 20,
wherein the 1solation portion 1s positioned between two
neighboring pieces of the low melting point metal.

22. The electrical connector according to claim 20,
wherein the 1solation portion 1s made of a hydrophobic mate-
rial, an elastic high-molecular material, or an msulating film.

23. The electrical connector according to claim 1, wherein
a part of the conducting body protrudes from the msulating
body, and the insulating body 1s coated with green paint.

24. The electrical connector according to claim 1, wherein
the conducting body 1s electrically connected to the circuit
board through welding.

25. The electrical connector according to claim 1, wherein
the two ends of the conducting body are both provided with
the low melting point metal.

26. The electrical connector according to claim 1, wherein
the conducting body 1s electrically connected to the circuit
board through the low melting point metal.
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